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Abstract

Faced with the challenge of addressing CombinedeS&werflow (CSO) issues, the City of

Saco, Maine, adopted an approach which involvedoripg the transport and management
of excess wet-weather flows by implementing a seheimt applied advanced vortex

technologies for both flow control and water quaiihprovement.

The application of vortex technology at Saco w#iza/ortex flow regulators in the upstream
diversion chambers to regulate maximum flows toekisting wastewater treatment plant in
order to avoid hydraulic overloading and the dii@rof excess combined sewer flows to the
new CSO treatment facility. The new facility utdg an advanced hydrodynamic vortex
separator (HDVS) that incorporates a novel non-pedieself-activating and self-cleansing
CSO floatables control screening system and acdshgd primary treatment equivalency,
disinfection, floatables capture and grit removalira one vessel. The underflow from the
CSO facility comprising sewer debris and soliddudmng grit, sediments, settleable organic
solids and floatables, is returned to the headwatkthe treatment plant and the clarified,
screened and disinfected overflow is dischargethéoreceiving environment (Saco River)
after de-chlorination.

The ability to perform several essential unit pssss (i.e. Sedimentation, Screening,
Disinfection and Grit Removal) all in one vesseauiéed in significant savings in the overall
project scheme costs on account of the more congesmign of the advanced HDVS system
coupled with the elimination of additional tanksdavessels that would have been required
with the conventional approach. Analytical resuftem post-construction compliance
monitoring have confirmed the efficacy of the syste
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Introduction

The Clean Water Act and subsequent amendments &adated that communities must solve
their CSO discharge problems. Communities acrlossation are coming under increasing
pressure to implement schemes to deal with incceeskeimes of combined sewage and other
wet-weather impacted flows. In New England, somemanities have implemented plans,

but many others are still trying to ascertain tlstbway to solve what appears to be an
expensive and logistically difficult challenge.
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Approaches to resolving CSO problems tend to eaitcommunity specific and involve a
matrix of solutions ranging from increasing the weyance capacity of municipal sewer
systems, either by building new, “separated” seweeating CSO at satellite sites within the
collection system or by significantly expanding esfethe-pipe treatment plants to treat the
excess wet-weather flows. These approaches, particuvhere they involve tunnelling
schemes, can be very expensive and in the casepairating sewers, if the separated
stormwater does not receive water quality improvesiehis may not necessarily address the
problem of environmental degradation and poor wateity resulting from the discharge of
untreated wet-weather flows into receiving waters.

Current estimates of the costs required to add@S® issues are on the rise. An EPA
assessment in 2006 noted that utilities had spértilon in the preceding three years to
control CSOs, reducing the annual CSO volume frotrillion gallons to about 850 billion
gallons. The same report estimates an additioralb#ison will be needed to solve the CSO
problem. This is confirmed by the recent Clean W&ted Needs Survey report to Congress
(EPA, 2008 which estimates more than $54 billion in CSO med®ivate estimates put the
figure much higher, up to $100 billion.

With the reduction in available Federal Fundingrsea such as the Construction Grants
program and the Clean Water State Revolving Fund$RF), communities now have to
bear the brunt of the costs associated with CS@gio Most of these costs are passed on to
residents in the form of sewer fees, but other scamte also hammering individual
communities already struggling to pay for educatipublic safety, environmental clean-ups
and community programs. Many sewer separation giojthat wind miles through busy
downtown areas run well into the tens and hundoédsillions of dollars. Separating sewers
in the busy downtown areas also extracts a coshencommunity in the form of closed
streets for months on end. Communities are thexdtmking for more cost-effective ways of
addressing the CSO issue whilst meeting conselitslior their discharges.

The City of Saco in Maine was faced with similaralldnges and embarked on the
implementation of a CSO Abatement Masterplan. Thesterplan incorporated a series of
milestone projects including sewer separation, flekpping and primary treatment of
combined sewage at the treatment plant. Thistexbul the elimination of seven of the city’s
eight CSO sites and implementation of a wet-weatiteatment stage at the eighth CSO site
located at the wastewater treatment plant to réaetknee of the curve” and satisfy the level
of abatement required under the approved CSO Mdater

CSO Control and Treatment at Saco

The Saco CSO control and treatment scheme invahedonstruction of a new 24” influent
line at Front Street to transport peak wet-weaflews to the local wastewater treatment
plant and the installation of a novel CSO treatm&ygtem that utilizes advanced vortex
technology for controlling and treating excess wetther flows.

The system installed at Saco includes the Hydrerhattional Storm King® Overflow with
Swirl-Cleanse™ Screen, Grit King® Separator and -Bdgo® Vortex Valve units to
provide improved handling, management and treatrm&€nCSO and wet-weather flows to
meet the Maine Department of Environmental Prodedsi primary treatment equivalency for
wastewater discharge standards. An aerial vieth@fsite together with an overview of the
flow scheme is shown in Figure 1. This includeslduation of the flow diversion chambers,
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layout of existing treatment components and new @8&tment and Grit Removal systems.
A vortex flow control device (22%" Type C Reg-U-Bld/alve) installed in an upstream

diversion chamber, regulates the peak wet-weatismhadrges that arrive at the treatment
plant site through the new 24" influent line. Tmew sewer line follows the path depicted by
the arrows labelled “Raw Sewage To Treatment PlamtFigure 1 and terminates in the
Diversion Structure that houses another Reg-UJ-Kortex Valve.

Location of Upstream Diversion
Chamber Housing 22%%" Type C
Reg-U-Flo® Vortex Valve

Saco River

CSO Treatment

22 ft. Smrm King

~ Y Grit Removal
| 12 ft. Grit King

Figure 1: Aerial View and Flow Scheme at Saco Wasteter Treatment Plant
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De-chlorination
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o # s = Headworks
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, Flow Diversion
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Figure 2: Schematic of CSO Treatment Facility
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This diversion chamber incorporates a high leverflow weir (see Figure 2) such that under
dry weather flow conditions, flows continue unimpddto full treatment whereas in wet-
weather, the vortex valve regulates the maximumuwrnof flow to treatment with excess
flows being diverted over the high level weir irlle CSO treatment facility. Figure 2 shows
a close up schematic of the CSO treatment faaihiy its integration into the existing works.

Process Components

Vortex Valve

The vortex valve installed in the diversion chamaethe works site is a 16” type CH unit
designed to allow the maximum flow of 5.2 mgd tep@nto the treatment facility. Vortex
Valves are self-activating passive flow control ides with no moving parts that do not
require an external power source to operate. THegees harness the inherent energy in the
flow and typically have two distinct modes of ogera. In the first mode termed pre-
initiation, the device behaves like a large orifiabowing relatively higher flows to be
discharged at low operating heads compared todhé&/aent orifice plate or penstock. As
the operating head increases, the upstream watggyens converted into rotary motion
within the device. This mode of operation is knoasthe post-initiation mode and has the
effect of generating high peripheral velocities dinel creation of an air core which occupies
most of the outlet of the device thus creating eklfgessure which opposes the through flow.
The throttling effect produced results in the deviehaving like an orifice or penstock with a
significantly smaller opening than that of the pbgé size of the outlet of the vortex valve
(typically less than %2). This means that the csessional area of the outlet aperture for a
vortex valve can normally be greater than fourt{d)es that of the equivalent conventional
flow control.

In the post-initiation mode of operation, the desae from the vortex valve outlet is in the
form of a spiralling flow with a central core oftesined air. This pattern of flow is different
from the jet emitted from an orifice or partly obaspenstock (or slide gate valve) in that it
does not contain the same high energy per unitafsesectional area. The vortex valve is
therefore less likely to cause scour and structdamhage to downstream structures and the
entrained air provides water quality benefits byating the flow and helping to prevent the
onset of septicity especially in foul or combinedver flows.

Advanced Hydrodynamic Separator

Flows in excess of the designed maximum flow tatireent discharge over the weir wall in
the diversion structure (see Figure 2) and arertdideto the new CSO treatment unit. This
unit is a 22ft diameter Storm King® with Swirl-Clese™ Screen that has been designed to
provide primary treatment equivalency and disin@cfor combined sewage flows. The unit
has a peak design flow of 5.6mgd though it is chpabhydraulically coping with flows in
excess of this.

The device also has no moving parts but relies piimized geometrical arrangements of
flow modifying components and baffles to producghty stabilized rotary flow regimes
conducive to high-rate sedimentation, effective manixing and contacting for high-rate
chemical disinfection. The system also incorporata®n-powered, self-activating and self-
cleansing CSO floatables control mesh screenintgisysThe mesh has an aperture of 4mm
(1/6”) which ensures that the CSO discharges reckne screening and the effluent is free of
aesthetic solids greater than 4mm (1/6”) in twoetisions.
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The Storm King® with Swirl-Cleanse™ Screen is arveaited Hydrodynamic Vortex
Separator (HDVS) which enables Grit Removal, Sediatéon, Screening and Disinfection
to be accomplished in one vessel before the tremtedlows are discharged into the Saco
River after de-chlorination. HDVS are known foeitheffectiveness as high-rate solids liquid
separation devicesAfidoh et al., 2002and their use as effective contact vessels fer th
disinfection of CSOs has been demonstrated aséale in Columbus, Georgia in the USA,
where over 5 years of intensive monitoring has icor@d their efficacy as both high rate
solids liquid separators and contact vessels fenutal disinfection of combined sewage
(Turner et al., 200D

In common with other gravity and inertial basedaafpion devices, HDVSs are not very
effective at capturing neutrally buoyant solids.uMally buoyant solids are typically the

aesthetically offensive materials such as pantgrdncondoms, etc. which have a specific
gravity close to that of the suspending fluid (warnethis instance).

In more recent times, these devices have been amalfurther to enable additional unit
processes to occur in the same vessel such ascihigoration of the Swirl-Cleanse™ Screen
for floatables capture. This system utilizes aatoair-brake Siphon to effect a cyclical
backwashing process to keep the mesh screen cléaa.incorporation of an integral self-
cleansing screening system has resulted in a C&&ntent device that captures a more
complete spectrum of the Sewer Solids and othehetés pollutants in combined sewage. A
more comprehensive description of the technology &s applications can be found
elsewhere Andoh et al., 2002)Swirl-Cleanse™ Screens in combination with HD\é8e
currently being installed at locations where waggiality improvements are required in
addition to the control of floatables and othertlaetic pollutants.

Settleable solids, detritus (including faecal sslitbod debris etc.), grit and sewer sediments
(and their associated pollutants) are capturetténunderflow within the sump region of the
device. The unit installed at Saco incorporatemtagral underflow pump which conveys the
captured pollutants in a relatively small underflgiypically less than 10% of the peak design
flow) to the head works (inlet) of the existing wesater treatment facility where a new 12ft
diameter in-situ Grit King® advanced vortex hydrodynic separator unit separates the grit
from the flows to full treatment (see Figure 2).

Regulatory Compliance

Disinfection in the Advanced Hydrodynamic Separator

An important aspect of the Saco scheme was the toegeimonstrate the effectiveness of the
technology not just for high-rate solids liquid aegtion but also for high-rate chemical

disinfection. Earlier work at Liverpool John Moorékiversity had demonstrated that the
macro flow regime in the HDVS behaves like thabafumber of tanks in series which means
the device has very little short circuiting and Ilcobe described as a plug-flow mixing

reactor. This work further demonstrated that eifecinactivation of microorganisms can be

achieved in the HDVS using a chemical disinfec{@tikhaddar et al., 2000

A Water Environment Research Foundation report vidiescribes results of long-term (more
than 5 years) monitoring of a full-scale impleméiota of an HDVS (Storm Kin) for CSO
treatment at Columbus, Georgia, concluded thattdie high-rate chemical disinfection can
be achieved with a minimum contact time of 3-mifd4&ERF, 2003)This observation would
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appear to be corroborated by research work at f€duddiversity utilizing Computational
Fluid Dynamics (CFD). An example of the CFD outp(Egarr, 2009, shown in Figure 3,
highlights the fact that the macro-mixing flow nei in the active region of the advanced
HDVS is fully developed after 192 seconds (i.es l#®n 5 minutes).
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Figure 3: CFD showing evolution of mixing regime inan advanced HDVS (afterEgarr, 2009

Results from the WERF study coupled with CFD sirtiates were utilised to demonstrate to
the regulatory authorities that in addition topteven solids control efficacy, effective high-
rate disinfection could be achieved in less thamifdtes contact time compared with the
norm of 15-minutes.

This resulted in significant savings in the sizes@$sel required for chemical disinfection and
meant there was no need to provide a separate ehnaambvessel on site for chemical
disinfection leading to further cost savings. Ther® King® with Swirl-Cleanse™ unit at
Saco has an effective theoretical retention tim&-ofinutes at the design flow.

Monitoring Results

As part of its consent requirements, the CSO treatrfacility at Saco has been subjected to
compliance monitoring for most of 2007. This moriitg includes a period in the spring of
2007 when a series of storm events caused widabfliealing in a number of New England
States. Figure 4 shows the observed daily flowsdurvents when overflows occurred from
the CSO treatment facility. Also shown in FigureisAthe period in April 2007 when
overflows occurred for five (5) successive dayse Tilghest daily flow observed was close to
4 mgd which would mean the likelihood of the urgemg instantaneous peak flows well in
excess of 4 mgd.

In addition to the flow monitoring, samples of théuent to and effluent from the advanced
HDVS were analysed for a number of parameters dnofu the Total BOD and Total
Suspended Solids (TSS). Results for these are showigure 5 and 6 for BOD and TSS
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respectively. The observed influent and effluermasmtrations for the period in April (when
there were five successive days of overflow) ase aighlighted in Figures 5 and 6.
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Figure 4: Measured Flow to CSO Treatment Facility &Saco
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Figure 5: Measured BOD at Saco CSO Treatment Facil
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Solids removals as measured by TSS and BOD have dieserved to be consistently high
even during the period of successive overflows prilAAn interesting characteristic of the
HDVS is its ability to produce a fairly consistesffluent quality from a variable influent
feed. As would be anticipated, there is a genexdlction in influent solids concentration
during the April events which would indicate a ditun effect with the prolonged period of
wet-weather flows. Details for the April 2007 eveare presented in Table 1 and include the
overflow duration. This shows a three day periof"(1o 18" April 2007) where the unit
operated continuously without cessation in overfowhis represents an unusual period of
sustained loading.
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Figure 6: Measured TSS at Saco CSO Treatment Fadi

Table 1: Data for the five successive days of ovésivs in April 2007.

Date Influent | Effluent BOD Influent | Effluent TSS Daily | Duration
BOD BOD Removal TSS TSS Removal | Flow (Hrs)

(mg/l) | (mg/l) (%) (mg/l) | (mg/l) (%0) (mgd)

4/15/2007
4/16/2007
4/17/2007
4/18/2007
4/19/2007

The average influent TSS and BOD observed duriegNril events ard11.0mg/l and81.8
mg/l respectively with corresponding average efitu€SS and BOD 0#3.8 mg/l and21.2
mg/l respectively. Monitoring results for the eatsample sets for overflow events collected
to date give overall average influent TSS and BOR35.2mg/l and97.2 mg/l respectively
with corresponding average effluent TSS and BOR&# mg/l and29.8 mg/l respectively.
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These results show average removals in excessose tanticipated for primary treatment

equivalency of combined sewage, particularly fa BOD. It is surmised that the high BOD

removals observed may be a function of the additi@ffects of the fine screen mesh (see
Figure 7).

Novel Screening System
(Swirl-Cleanse™ Screen)

e

Clarified, Screened and
" Disinfected Overflow

Inflow to CSO Treatment Unit

Figure 7: View of Storm King® with Swirl Cleanse™ Screen and Integral Pump Sump

These results prove the device is performing vegfl w1 conformance with its consent
requirements even under a period of sustainedrgadi

Summary and Conclusions

A novel system for CSO treatment based around advhwortex technology implemented at
the Saco wastewater treatment plant has provereteeby effective for the control and
treatment of combined sewage and wet-weather celfievs. The application of vortex
technology for optimal CSO control and treatmenSato utilizes vortex flow controls in
diversion chambers to regulate maximum flows todkisting wastewater treatment plant to
avoid hydraulic overloading and the diversion o€e&ss combined sewage and wet-weather
flows to the new CSO treatment facility where disation and solids removals are
accomplished.

The core of the system in use at Saco (see Figyres & further development and
enhancement of hydrodynamic vortex separation tdolgy that incorporates a novel self-
cleansing screening system for floatables captare,integral pump sump for returning
captured solids to the wastewater treatment pladtuilization of the same vessel for high-
rate chemical disinfection.

The ability to perform several essential unit pssss (i.e. Grit Removal, Sedimentation,

Screening and Disinfection) all in one vessel teshin significant savings in the overall
project scheme costs on account of the more congesign of the advanced HDVS system
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coupled with the elimination of additional tanksdavessels that would have been required
with the conventional approach.
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